The nucleotide and deduced amino acid sequences of the phosphoprotein (P) mRNA of bovine respiratory syncytial virus (BRSV) strain A51908 have been determined. The P mRNA is 860 nucleotides long with a single large open reading frame and the encoded polypeptide is 241 amino acids long. Comparison with the corresponding sequences of human respiratory syncytial virus (HRSV) subgroups A and B revealed 72 to 74% identity at the nucleotide level, and 81% at the amino acid level. The P protein contains a single divergent domain (37 % amino acid identity) flanked by highly conserved domains (87 % amino acid identity). The 3' end non-coding region is 47 nucleotides shorter than the corresponding region of HRSV. Comparison of the P mRNA sequences of two strains of BRSV (A51908 and FS-1) showed that there was extensive sequence identity at both the nucleotide (97%) and amino acid (97-9%) levels.
The nucleotide and deduced amino acid sequences of the phosphoprotein (P) mRNA of bovine respiratory syncytial virus (BRSV) strain A51908 have been determined. The P mRNA is 860 nucleotides long with a single large open reading frame and the encoded polypeptide is 241 amino acids long. Comparison with the corresponding sequences of human respiratory syncytial virus (HRSV) subgroups A and B revealed 72 to 74% identity at the nucleotide level, and 81% at the amino acid level. The P protein contains a single divergent domain (37 % amino acid identity) flanked by highly conserved domains (87 % amino acid identity). The 3' end non-coding region is 47 nucleotides shorter than the corresponding region of HRSV. Comparison of the P mRNA sequences of two strains of BRSV (A51908 and FS-1) showed that there was extensive sequence identity at both the nucleotide (97%) and amino acid (97-9%) levels.
Bovine respiratory syncytial virus (BRSV) infections are a major cause of respiratory tract disease in young cattle (Paccaud & Jacquier, 1970; Bohlender et al., 1982; Collins et al., 1988) . BRSV and human respiratory syncytial virus (HRSV) belong to the genus Pneumovirus of the family Paramyxoviridae. Although BRSV and HRSV are antigenically related, they differ in their pattern of reactivity with monoclonal antibodies (Mufson et al., 1985; ()rvell et al., 1987; Beeler & van Wyke Coelingh, 1989) . It has been shown that like that of HRSV, the genome of BRSV encodes 10 mRNAs (Lerch et al., 1989) , and that the protein composition of these viruses is very similar, with only minor differences in Mr between corresponding proteins (Cash et al., 1977; Lerch et al., 1989; Trudel et al., 1989; Mallipeddi et al., 1990) . To delineate the genetic basis for the differences between HRSV and BRSV, we and others have undertaken cDNA cloning and nucleotide sequencing of BRSV genes for comparison with the sequences of the genes of HRSV. Recently, nucleotide sequences of the glycoprotein (G), fusion (F), nucleocapsid (N), matrix (M), small hydrophobic (SH) and M2 proteins of BRSV have been reported (Lerch et al., 1990; Walravens et al., 1990; Zamora & Samal, 1992a) . There is 30%, 80%, 93%, 89%, 38% and
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80% identity at the amino acid level between the G, F, N, M, SH and M2 proteins of BRSV and HRSV, respectively. In this report, we present the nucleotide and deduced amino acid sequences of the phosphoprotein (P) mRNA of BRSV and compare them with those of HRSV P mRNA (subgroups A and B).
Construction of a cDNA library derived from mRNA is61ated from MDBK cells infected with the A51908 strain of BRSV has been described . The recombinant clones containing sequences derived from BRSV P mRNA were identified by a colony hybridization technique using a probe made from a fulllength P cDNA clone of HRSV (gift from Dr P. L. Collins, NIH, Bethesda, Md., U.S.A.). The nucleotide sequence of the mRNA encoding the P protein of BRSV was derived from two independent clones, P219 and P310, by the dideoxynucleotide chain termination method (Sanger et al., 1977) using synthetic oligonucleotide primers. Clone P219 [849 bp exclusive of the poly(A) tract] started at nucleotide position 12, spanned the entire P mRNA and ended at the poly(A) tract. The P320 clone (848 bp) started at nucleotide 12 and ended at nucleotide 859. The nucleotide sequence of the 5' end of the mRNA was determined by primer extension and polymerase chain reaction amplification of the N-P intergenic region of the genomic RNA (Zamora & Samal, 1992b) .
The complete nucleotide sequence of the BRSV A51908 strain P mRNA, exclusive of the poly(A) tract, is (Satake et al., 1984; Johnson & Collins, 1990) . Alignment was done by the method of Myers & Miller (1988) . Only non-identical bases are shown for the P mRNA sequences of HRSV strains A2 and 18537. Gaps are represented by dots. Transcription initiation and termination consensus sequences are boxed. The consensus initiation and stop codons are overlined. The shaded region is the highly divergent domain described in the text.
shown in Fig. 1 in alignment with those of the A2 and 18537 strains of HRSV (subgroups A and B, respectively). The P mRNA of BRSV is 860 nucleotides long compared to 907 nucleotides for that of HRSV [exclusive of the poly(A) tract] from the initiation to the termination consensus sequences, which were identified at positions 1 to 9 and 854 to 860, respectively ( Fig. 1 ), by comparison with other BRSV mRNA sequences . Alignment of the nucleotide sequences of BRSV strain A51908 with those of HRSV subgroup A (strain A2) and subgroup B (strain 18537), revealed 78"4~o and 76"8~o identity in the coding region (Table 1) , whereas the 3' and 5" non-coding regions, excluding the conserved mRNA termini, showed only 47-9%/0 identity with subgroup A and 45-6~ with subgroup B of HRSV. This is in agreement with the observation that non-coding regions are relatively nonconserved between viruses of the two HRSV subgroups, with the exception of initiation and termination signals (Johnson & Collins, 1988) . The Y end non-coding region of the BRSV P mRNA is 47 nucleotides shorter than the corresponding region of the HRSV P mRNA (Fig. 1) . This raises an interesting question of whether the P-M intergenic region of BRSV Fig. 2 . Alignment of the predicted amino acid sequence of the P protein of BRSV (A51908) with those of HRSV subgroup A (A2) and subgroup B (18537) (Satake et al., 1984; Johnson & Collins, 1990) . Alignment was done by the method of Myers & Miller (1988) . Amino acids which are identical in all three strains are not shown for the A2 and 18537 strains of HRSV. The highly divergent domain is boxed. Potential phosphorylation sites are indicated as follows: in all strains by an asterisk; only in bovine strains by a circle; only in human strains by an arrowhead; only in human subgroup B by a square. The potential phosphorylation sites were detected using the PROSITE program of PC/Gene.
is correspondingly larger than the equivalent region of HRSV. Analysis of the intergenic regions showed that the P-M intergenic region consists of only two nucleotides in BRSV compared to 10 nucleotides in HRSV (Zamora & Samal, 1992b) . These results indicate that the length of the 3' non-coding region of the P gene is probably not important in the rate of transcription of the P gene. The sequence of the P mRNA of BRSV (A51908 strain) contains a single open reading frame of 723 nucleotides (nucleotides 18 to 740). The predicted protein is 241 amino acids long, identical in length to the P proteins of HRSV. It has a calculated Mr of 27 208, whereas that calculated previously from SDS-polyacrylamide gels is 34K (Mallipeddi et al., 1990) . Similar discrepancies have also been found between the calculated Mr and that deduced from the mobility of HRSV P proteins in gels (Johnson & Collins, 1990 ). This observed difference could be due to post-translational modifications such as phosphorylation, or to effects on protein conformation or detergent binding (Johnson & Collins, 1990) .
The P protein of BRSV (A51908 strain) shows 81% amino acid identity with that of HRSV; most of the differences are due to conservative amino acid substitutions (Fig. 2) . A highly divergent domain (52% identity) flanked by highly conserved domains (96% identity) has been reported in the P proteins of subgroup A and subgroup B strains of HRSV (Johnson & Collins, 1990) . Interestingly, when this divergent region (amino acids 59 to 85) of either HRSV subgroup A or B was compared Satake et al. (1984) . § Figures in parentheses indicate the identity between the encoded amino acid sequences.
II Data from Johnson & Collins (1990) . ¶ The FS-1 strain was sequenced between nucleotides 23 and 860, amino acids 3 and 241. ** ND, Not determined.
with the corresponding region of BRSV there was only 37% identity (Table 1) . Although the overall amino acid composition of the BRSV P protein is similar to that of the HRSV P proteins, the fact that the divergent domain of the BRSV P protein sequence is significantly different from the corresponding sequence of either HRSV subgroup A or B suggests the possibility that BRSV and HRSV diverged early in their evolution, and hence that BRSV could be assigned to a separate subgroup. The P protein of BRSV has been shown to be highly phosphorylated (Mallipeddi et al., 1990) , as reflected by the high proportion of serine and threonine residues (17-8%). At residue 34, there is an extra potential phosphorylation site in BRSV compared to HRSV (subgroups A and B), whereas the potential site at HRSV residue 92 is absent from BRSV. Potential phosphorylation sites at residues 219 and 224 are missing from BRSV (A51908 strain) and subgroup A of HRSV (A2 strain), whereas they are present in HRSV subgroup B (18537 strain) (Fig. 2) .
To examine the sequence homology between P mRNA sequences of two strains of BRSV, a cDNA library was established from mRNA isolated from MDBK cells infected with the FS-1 strain of BRSV (Smith et al., 1975) as described previously . The cDNA clones for the P mRNA were selected by crosshybridization, and two independent clones containing sequence from nucleotide 23 to the end of the mRNA were sequenced. There is more than 97% identity at the nucleotide and amino acid levels between P mRNAs of the two bovine strains (Table 1 ). The divergent domain (nucleotides 192 to 272) also shows a high degree of identity within strains of BRSV (95.1% at the nucleotide level and 88-9% at the protein level); similar observations have been made for strains of the same subgroup of HRSV (Lopez et al., 1988) . The divergent region of the P mRNA of the FS-1 strain of BRSV has 56.8% (37% at the amino acid level) and 44.4~o (33~o at the amino acid level) sequence identity with the corresponding regions of HRSV subgroups A and B, respectively. These results are in agreement with our previous observation that the divergent domains of BRSV P protein are significantly different from the corresponding sequences of either HRSV subgroup A or B. Furthermore, these results suggest the possibility that both of the strains of BRSV sequenced belong to the same subgroup. Nucleotide and deduced amino acid differences between the P mRNAs of BRSV strains A51908 and FS-1 are summarized in Table 2 . The 3' non-coding regions of the P mRNA of both strains of BRSV are highly conserved (92-9%), and 47 nucleotides shorter than the corresponding regions of HRSV. It is generally thought that the non-coding regions are highly divergent because they are under less selective pressure; however, it is interesting to note that the 3' non-coding regions of the P mRNAs of the two strains of BRSV sequenced are highly conserved (Table  1) . Similarly, the 3' non-coding regions of the F mRNAs of various BRSV strains show a high degree of identity (Zamora & Samal, 1992a) .
During sequencing of the P mRNA of the FS-1 strain, we found that there was an insertion of three C residues within a stretch of four C residues between nucleotides 305 and 308 in one eDNA clone. This insertion did not create a frameshift. Similarly, insertions have been found in the P mRNAs of simian virus 5 (Thomas et al., 1988) , measles virus (Cattaneo et al., 1989) , Sendal virus (Vidal et al., 1990a) and mumps virus (Paterson & Lamb, 1990) . The P gene of these viruses gives rise to two mRNA species: one is an exact copy of the genome, whereas the other contains G residue insertions within a stretch of three to six G residues. These insertions facilitate access to the second reading frame downstream. A stuttering model has been suggested for the insertion of a G residue(s) during mRNA synthesis (Vidal et al., 1990b) . Sequencing of 20 other P mRNA cDNA clones of BRSV failed to reveal another clone with an insertion of C residues. This very low abundance and apparent lack of any other insertion of either one or two residues suggest that this clone could have arisen during the cloning process, rather than representing a biologically relevant phenomenon. For this to be confirmed, further studies are necessary to analyse intracellular mRNA by primer extension to obtain direct proof of site-specific microheterogeneity at the RNA level.
In conclusion, the work presented here describes the nucleotide and deduced amino acid sequences of the P mRNA of the A51908 strain of BRSV. A high degree of overall identity is observed between the P proteins of BRSV and HRSV. In the divergent domain, there is very little identity between BRSV and HRSV at either the nucleotide or the amino acid level, but there is a high degree of identity between strains of BRSV. When BRSV strains A51908 and FS-1 are compared, there is a high degree of identity throughout the mRNA.
